###### Strengths and limitations of this study

-   A major strength is that this is the first numerical estimate of the relative prevalence of diabetes mellitus, cardiovascular and respiratory diseases in lesbians and bisexual women.

-   We used extensive searches from a number of different sources, not just electronic databases and reference lists but also specialist academic journals and websites, to ensure we found all relevant studies.

-   We used a wide definition of sexual minority women (SMW) to include identity, behaviour and partnership to be able to include all SMW irrespective of being sexually active or in a partnership. This will widen the generalisability of the systematic review.

-   Considerable efforts were made to avoid double-counting of participants from different studies when entering data, but some double-counting may have occurred due to the nature of the surveys used in the studies.

-   We used adjusted ORs to meta-analyse, which means that the results were more comparable than using unadjusted prevalence estimates. However, none of the adjusted ORs were adjusted for smoking status, which is a limitation of the included studies.

Background {#s1}
==========

Sexual minority women (SMW) include lesbians, bisexual women, women who have sex with women, women who have sex with men and women, and women who are married to or cohabit with another woman in a committed relationship. Public Health England estimates that at least 2.5% of the population identify as lesbian, gay or bisexual.[@R1]

Chronic disease risk factors include poor diet, lack of exercise, obesity, smoking, excessive alcohol intake, anxiety, depression, hypertension and high cholesterol levels.[@R2] In general, SMW populations experience disproportionate behavioural risks to health and higher chronic disease risk factors than their heterosexual counterparts.[@R5] Due to a lack of research so far,[@R6] it is unclear whether these risk factors translate into higher rates of physical health conditions.

Past research has highlighted some aspects of health inequalities experienced by SMW but also identified significant and persistent gaps in the evidence,[@R5] including in relation to common physical conditions such as cardiovascular disease (CVD), respiratory tract disease and diabetes mellitus. These are some of the leading causes of death and disability for women,[@R11] and up to now there have been no published summary estimates of the relative prevalence of these conditions in SMW compared with heterosexual women.

There have been two recent systematic reviews of physical health in SMW.[@R12] Eliason[@R12] reviewed evidence on prevalence and risk of a variety of conditions, and Simoni *et al* [@R13] investigated disparities in physical health conditions in SMW. Since these systematic reviews were conducted, more prevalence studies have been published. This systematic review includes all relevant recent evidence (published from 2010 onwards) on the mortality, incidence and prevalence of specific physical health conditions of CVD, hypertension, respiratory disease and diabetes mellitus in SMW compared with heterosexual women, and conducts meta-analyses in order to derive up-to-date prevalence estimates of these conditions and determine whether there are different rates in SMW compared with heterosexual women.

Methods {#s2}
=======

A protocol was registered with the Prospero database (CRD42016050299) for research investigating all aspects of health and experience of healthcare in SMW, of which this project is part. Patients and the public were not involved with the design or conduct of this systematic review. The inclusion criteria for this systematic review were any published comparative studies in any language, published from 2010 onwards, comparing specific rates (see below) in SMW (any definition including identity, behaviour or cohabitation status) of any age compared with heterosexual women (any definition including identity, behaviour or cohabitation status) of any age in any country or setting. The following self-report or objectively measured rates were included: mortality, incidence and prevalence of CVD, hypertension, diabetes mellitus (any type), and respiratory diseases including asthma.

Searches {#s2a}
--------

Database searches were conducted in two phases. First, searches were conducted by Public Health England Knowledge and Library Service in May 2015. Second, searches were conducted by the first author (CM) in December 2016, with dates from January 2015 to December 2016. Databases (platforms) searched were Medline (Ovid), Embase (Elsevier), Cumulative Index to Nursing and Allied Health Literature (Elsevier), PsycINFO (Ovid), Social Policy and Practice (Ovid), Cochrane CENTRAL (Cochrane Library), Science Citation Index (Web of Science), and CAB Abstracts (Ovid). EPPI-Reviewer V.4, EndNote and Microsoft Excel were used to sift citations. Search terms included Medical Subject Heading (MeSH) terms and text words for sexual minority (eg, lesbian, bisexual, homosexual, WSW, WSMW, same sex). We then searched a large number of full texts for the physical conditions listed above. Searches were not limited to the English language. Examples of search strategies for four databases from the December 2016 searches are shown as online supplementary data.

In addition to database searches, reviews and summaries of lesbian, gay, bisexual and transgender (LGB&T) health were examined for relevant evidence. *LGB&T Health Research Journal* (all issues), *Journal of Lesbian Studies* (2014--2016) and *Journal of Gay & Lesbian Mental Health* (2014--2016) were searched. Previous projects by the first author (CM) were searched for relevant evidence and, from a previous project, a list of currently active researchers in LGBT health with their publications were reviewed. Web pages of several researchers known to be active in SMW research were searched. The UK National LGB&T Partnership monthly newsletter from February to October 2016 was sifted for relevant up-to-date work that had not yet been published. UK national survey websites were also sifted for information on sexual identity and health (Integrated Household Survey, Scottish Health Survey, Welsh Health Survey and Health Survey for England).

Study selection, data extraction, quality assessment and synthesis {#s2b}
------------------------------------------------------------------

Full-text copies of references matching inclusion criteria were obtained. Two reviewers (CM and AM) checked study eligibility. One independently extracted data from studies into the report (CM) and these were checked by another reviewer (JG), with disagreements resolved through discussion. Characteristics and results of all included studies were described through narrative synthesis. Tabulation was used where there was more than one study reporting the same outcome. Where there was overlap in study populations, the largest included population was used where outcomes of interest were reported. The Critical Appraisal Skills Programme checklist for cohort studies was used to assess quality for all studies. Since there is no established and validated quality checklist specifically for cross-sectional surveys, using the same checklist for all provided consistency in quality assessment across studies. Meta-analysis was conducted where there were four or more discrete studies reporting the same outcome. This included both unadjusted prevalence estimates (with Review Manager V.5.3 software) and adjusted ORs (AORs) using inverse variance (with Comprehensive Meta-analysis V.3). Random-effects models were used for both. Statistical heterogeneity was assessed using the I^2^ test, using standard thresholds for high, medium and low heterogeneity.[@R14] There were insufficient studies reporting the same outcomes to be able to construct a meaningful funnel plot to assess publication bias.

Results {#s3}
=======

Description of studies {#s3a}
----------------------

A total of 23 103 citations were identified, 22 763 from the first searches and 340 from the second searches (see online supplementary [appendix figure 1](#SP1){ref-type="supplementary-material"}). Full texts of 692 papers were screened for potential relevance. Sixteen studies were included,[@R15] described in 18 papers---the study by Clark *et al* [@R31] contained a subset of the participants in the study by Everett *et al*,[@R20] and the study by Wallace *et al* [@R32] contained a subset of those in the study by Boehmer *et al*.[@R17] For the characteristics of the included studies see [table 1](#T1){ref-type="table"}, and for participant baseline characteristics see online supplementary [appendix table 1](#SP1){ref-type="supplementary-material"}.
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###### 

Characteristics of included studies

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  First author (year)                                   Survey method, exposure                                                                                                                                                                                                                                     Population, setting, country                                                                                        Sexual orientation/behaviour question                                                                                                                                                                                                                                    Comparison                            Recruitment, data collection                                                                            Outcomes of interest\*                                                                                                                              Study design, funding
  ----------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------- ------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Mortality studies                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  Frisch (2013)                                         National demographic data from Danish Civil Registration System, including mortality data.                                                                                                                                                                  Population, marriage, living in same-sex or opposite-sex cohabitation for at least 1 year between 1982 and 2011.\   Cohabitation record, marriage record (same-sex marriage from 1989) (NB: 75.6% same-sex cohabiting women were same-sex married).                                                                                                                                          Opposite-sex cohabitation, marriage   National demographic data collection                                                                    Mortality                                                                                                                                           Population cohort.\
                                                                                                                                                                                                                                                                                                                    Denmark.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       Supported by---NR

  Surveys based on multistate BRFSS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  Blosnich (2013)                                       Telephone-based (landline) random digit-dialled interview.\                                                                                                                                                                                                 English-speaking or Spanish-speaking non-institutionalised adults in partnerships.\                                 Various similar in the 10 states with response options heterosexual or straight; homosexual, gay or lesbian; bisexual; other; and opposite or same-sex partner.                                                                                                          Opposite-sex partnered women          BRFSS for all US states, 2004                                                                           Current asthma, lifetime asthma                                                                                                                     Population survey.\
                                                        Had ever been told by a health professional that they had (a named condition).                                                                                                                                                                              All states, USA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Supported by a National Research Service award.

  Blosnich (2014)                                       Telephone-based (landline) random digit-dialled interview.\                                                                                                                                                                                                 English-speaking or Spanish-speaking non-institutionalised adults.\                                                 Various similar in the 10 states with response options heterosexual or straight; homosexual, gay or lesbian; bisexual; other.                                                                                                                                            Heterosexual women                    BRFSS for 10 states, 2010                                                                               CVD symptoms, asthma, diabetes                                                                                                                      Population survey.\
                                                        Had ever been told by a health professional that they had (a named condition).                                                                                                                                                                              Alaska, Arizona, California, Maine, Massachusetts, Montana, New Mexico, North Dakota, Washington, Wisconsin, USA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Supported by National Research Service awards.

  Surveys based on single-state BRFSS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Conron (2010)                                         Telephone-based (landline) random digit-dialled interview.\                                                                                                                                                                                                 English-speaking, Spanish-speaking or Portuguese-speaking non-institutionalised adults.\                            A heterosexual or straight; B homosexual, gay or lesbian; C bisexual; or D something else? (D answers excluded).                                                                                                                                                         Heterosexual women                    Massachusetts BRFSS 2001--2008                                                                          Heart disease, diabetes, asthma                                                                                                                     Population survey.\
                                                        Had ever been told by a health professional that they had (a named condition).                                                                                                                                                                              Massachusetts, USA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Supported by Massachusetts Department of Public Health HIV/AIDS Bureau and Ford Foundation.

  Garland-Forshee (2014)                                Telephone-based (landline) random digit-dialled interview.\                                                                                                                                                                                                 English-speaking or Spanish-speaking non-institutionalised adults.\                                                 A heterosexual or straight; B homosexual, gay or lesbian; C bisexual or D other? (D answers excluded).                                                                                                                                                                   Heterosexual women                    Oregon BRFSS 2005--2008                                                                                 Cardiovascular disease, hypertension, diabetes, asthma                                                                                              Population survey. Supported by Center for Disease Control grants.
                                                        Had ever been told by a health professional that they had (a named condition).                                                                                                                                                                              Oregon, USA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

  Matthews (2014)                                       Telephone-based (landline) random digit-dialled interview.\                                                                                                                                                                                                 English-speaking or Spanish-speaking non-institutionalised adults.\                                                 A heterosexual or straight; B homosexual, gay or lesbian; C bisexual; or D other? (D answers excluded).                                                                                                                                                                  Heterosexual women                    North Carolina BRFSS 2011                                                                               Angina or heart disease, hypertension, diabetes, asthma                                                                                             Population survey. Supported by National Institute for Mental Health grant.
                                                        Had ever been told by a health professional that they had (a named condition).                                                                                                                                                                              North Carolina, USA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

  Dilley (2010)                                         Telephone-based (landline) random digit-dialled interview.\                                                                                                                                                                                                 English-speaking or Spanish-speaking non-institutionalised adults.\                                                 A heterosexual or straight; B homosexual, gay or lesbian; C bisexual; or D something else? (D answers excluded).                                                                                                                                                         Heterosexual women                    Washington State 2003--2006                                                                             Diabetes, hypertension, (asthma)                                                                                                                    Population survey. Supported by Washington State Tobacco Prevention and Control Program and BRFSS.
                                                        Had ever been told by a health professional that they had (a named condition).                                                                                                                                                                              Washington, USA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Fredriksen-Goldsen\                                   Telephone-based (landline) random digit-dialled interview.\                                                                                                                                                                                                 English-speaking or Spanish-speaking non-institutionalised adults.\                                                 A heterosexual or straight; B homosexual, gay or lesbian; C bisexual; or D something else? (D answers excluded).                                                                                                                                                         Heterosexual women                    Washington State BRFSS 2003--2009                                                                       Asthma                                                                                                                                              Population survey. Supported by NIH and National Institute on Aging grants.
  (2012)                                                Had ever been told by a health professional that they had (a named condition).                                                                                                                                                                              Washington, USA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Fredriksen-Goldsen (2013)                             Telephone-based (landline) random digit-dialled interview.\                                                                                                                                                                                                 English-speaking or Spanish-speaking non-institutionalised adults aged over 50.\                                    A heterosexual or straight; B homosexual, gay or lesbian; C bisexual; or D something else? (D answers excluded).                                                                                                                                                         Heterosexual women aged over 50       Washington State BRFSS 2003--2010                                                                       Cardiovascular disease (asthma, diabetes, hypertension)                                                                                             Population survey. Supported by National Institute on Aging grant.
                                                        Had ever been told by a health professional that they had (a named condition).                                                                                                                                                                              Washington, USA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Studies based on other US national or state surveys                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Jackson (2016) and\                                   Inperson interviews using cluster-based probability sampling.\                                                                                                                                                                                              Non-institutionalised adults.\                                                                                      Straight (not lesbian or gay); gay or lesbian; bisexual; something else? (something else answers excluded).                                                                                                                                                              Straight women                        National Health Interview Survey 2013--2014                                                             Diabetes, heart disease (CHD or any other kind of heart disease, angina pectoris or a myocardial infarction), stroke, hypertension, asthma (Ward)   Population survey.\
  Ward (2015)                                           Had ever been told by a health professional that they had (a named condition), or diagnosed by a doctor (CVD).                                                                                                                                              USA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Supported by several grants including from Harvard Catalyst and NIH.

  Kann (2016)                                           School questionnaire-based survey, nationally representative data.\                                                                                                                                                                                         Students in grades 9--12 (aged 14--18) attending high schools\                                                      Which of the following best describes you? 'heterosexual (straight)', 'gay or lesbian', 'bisexual' or 'not sure' AND\                                                                                                                                                    Heterosexual female students AND\     Youth Risk Behavior Surveillance System                                                                 Lifetime asthma                                                                                                                                     Population survey.\
                                                        Had ever been told by a doctor or nurse that they had asthma.                                                                                                                                                                                               USA.                                                                                                                During your life, with whom have you had sexual contact?\                                                                                                                                                                                                                sexual contact with males.                                                                                                                                                                                                                                                                        Supported by the Centers for Disease Control and Prevention.
                                                                                                                                                                                                                                                                                                                                                                                                                                        'I have never had sexual contact', 'females', 'males', and 'females and males'.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

  Boehmer (2014)                                        Telephone-based random digit-dialled interview.\                                                                                                                                                                                                            Adults aged over 20 with telephone and living in California.                                                        Identified as heterosexual; gay or lesbian; bisexual (excluded celibate and non-sexual responses).                                                                                                                                                                       Heterosexual women                    California Health Interview Survey 2001--2007                                                           Heart disease, hypertension, hypertensive medication, diabetes, asthma                                                                              Population survey. Supported by---NR.
                                                        Had ever been told by a health professional that they had (a named condition).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Wallace (2011)                                        Telephone-based survey.\                                                                                                                                                                                                                                    Lesbian and bisexual women aged 50--70.                                                                             NR                                                                                                                                                                                                                                                                       Heterosexual women aged 50--70        California Health Interview Surveys 2003--2007                                                          (Heart disease, hypertension, diabetes)                                                                                                             Population survey. Supported by California Wellness Foundation.
                                                        Question NR.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Farmer (2013)                                         Inhome survey.\                                                                                                                                                                                                                                             Adults aged 20--69 who completed the sexual behaviour survey.\                                                      Do you think of yourself as heterosexual or straight (attracted only to men); homosexual or lesbian (sexually attracted only to women); bisexual (sexually attracted to men and women); something else or not sure.                                                      Heterosexual women                    National Health and Nutrition Examination Survey 2001--2008                                             Diabetes, antihypertensive medication                                                                                                               National population survey.\
                                                        Had ever been told by a health professional that they had diabetes or sugar diabetes, responded yes to currently taking antihypertensives.                                                                                                                  National, USA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Supported by National Institute on Drug Abuse and National Institute on Alcohol Use and Alcoholism grants.

  Studies based on single waves of cohort studies                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Everett\                                              Interviewer collected hypertension results (Everett 2013) and diabetes from fasting blood glucose sample, non-fasting glucose sample, HbA1c, or self-report health provider diagnosis or use of antidiabetic medication in previous 4 weeks (Clark 2015).   Follow-up 10--15 years after, from sample recruited originally through schools.\                                    100% heterosexual (straight); mostly heterosexual (straight) but somewhat attracted to people of your own sex; bisexual---attracted to males and females equally; mostly homosexual (gay) but somewhat attracted to people of the opposite sex; 100% homosexual (gay).   100% heterosexual women               Wave IV of the National Longitudinal Study of Adolescent Health 2007--2008                              Everett 2013---hypertension of \>140 SBP and \>90 DBP.\                                                                                             National population cohort.\
  (2013) and Clark\                                                                                                                                                                                                                                                                                                 National, USA.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Clark 2015---diabetes (and antihypertensive medication).                                                                                            Supported by Eunice Kennedy Shriver National Institute of Child Health and Human Development grant (Everett 2013) and National Center for Advancing Translational Sciences grant (Clark 2015).
  (2015)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

  McNair (2011)                                         Self-completion questionnaire.\                                                                                                                                                                                                                             Original sample aged 18--23 selected randomly from database of Medicare Australia.                                  Exclusively heterosexual, mainly heterosexual, bisexual, mainly homosexual (lesbian).                                                                                                                                                                                    Exclusively heterosexual women        Third survey of the young cohort of women in the Australian Longitudinal Study on Women's Health 2003   Asthma                                                                                                                                              National population cohort.\
                                                        Had been diagnosed or treated for a range of illnesses over the previous 3 years.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Supported by Lesbian Health Fund, USA.
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Outcomes in brackets were reported in included study texts but not used in the systematic review due to elimination of duplicate reporting.

BRFSS, Behavioral Risk Factor Surveillance System; CVD, cardiovascular disease; DBP, diastolic blood pressure; HbA1c, haemoglobin A1c; NR, not reported; SBP, systolic blood pressure.

One study examined mortality rates; Frisch and Simonsen[@R24] reported HRs for mortality by sexual orientation in a large national cohort from Denmark by various causes of death (n=6.5 million, approximately 50% women).

No studies investigated incidence, and 15 studies investigated prevalence.[@R13] Two were based on single waves of cohort studies (Everett and Mollborn,[@R20] also reported in Clark *et al* [@R31] and McNair and Hegarty[@R29]). The first[@R20] was based in the USA and used wave IV data from the National Longitudinal Study of Adolescent Health. The second[@R29] used 1-year data from an Australian study of young women aged 18--23 selected at random from the Australian Medicare database. The remaining 13 studies were from the USA and used one or more year's data from repeated cross-sectional surveys. Eight of these used Behavioral Risk Factor Surveillance System (BRFSS) surveys, either using a national sample from different years[@R15] or for specific states (Massachusetts,[@R18] Oregon,[@R25] North Carolina[@R28] and Washington State[@R19]). Other surveys used included the National Health Interview Survey,[@R26] the California Health Interview Survey,[@R17] the Youth Risk Behavior Surveillance System[@R27] and the National Health and Nutrition Examination Survey.[@R21]

One group of studies[@R19] reported different outcomes for different subsets (such as age ranges) of the same repeated survey for different years. Ward *et al* [@R30] investigated a subset of the population in Jackson *et al*,[@R26] but Ward *et al* [@R30] reported asthma whereas Jackson *et al* [@R26] did not, so both papers for this study have been included. Wallace *et al* [@R32] used a subset of the sample in Boehmer *et al* [@R17] and reported the same outcomes, so these results are not reported here. Everett and Mollborn[@R20] and Clark *et al* [@R31] reported different outcomes from the same population, so both papers for this study have been included.

Quality assessment found similar quality issues across studies and are reported in online supplementary [appendix table 2](#SP1){ref-type="supplementary-material"}. The cohort studies[@R20] reported results as if they were cross-sectional surveys by not using follow-up data. The main quality issues were that health conditions were ascertained mostly by health self-report; the main exception was in Everett and Mollborn (and Clark *et al*),[@R20] where interviewers measured blood pressure. Also, weighted prevalence percentages were reported in several included studies (see online supplementary [appendix table 1](#SP1){ref-type="supplementary-material"}), but the weighting factors used were often unclear.

Main findings {#s3b}
-------------

For CVD mortality and for respiratory tract disease mortality, Frisch and Simondsen[@R24] found that same-sex cohabiting women had higher mortality rates than opposite-sex cohabiting women for these diseases (HR 1.37 (95% CI 1.22 to 1.54) and HR 2.10 (95% CI 1.74 to 2.53), respectively), but that same-sex married women had similar mortality rates to opposite-sex married women (HR 1.32 (95% CI 0.75 to 2.33) and HR 0.85 (95% CI 0.36 to 2.05), respectively). The sample sizes were larger for same-sex cohabiting women (n=207 and n=111) than same-sex married women (n=12 and n=5), and no conclusions can be drawn from the same-sex married women data as sample sizes were too small.

The numerical prevalence results are presented in [table 2](#T2){ref-type="table"} (asthma), online supplementary [appendix table 3](#SP1){ref-type="supplementary-material"} (CVD), online supplementary [appendix table 4](#SP1){ref-type="supplementary-material"} (hypertension) and online supplementary [appendix table 5](#SP1){ref-type="supplementary-material"} (diabetes mellitus). They demonstrate that the way these rates were reported varied across the studies; for example, some studies presented results for SMW compared with heterosexual women, whereas others presented results separately for lesbians and for bisexual women. Percentages of women with conditions varied across the studies, most notably hypertension which varied from 14.7%[@R21] to 65.3%[@R17] in heterosexual women. Most studies presented AORs, as well as the adjusted or unadjusted percentages, but fewer gave measures of spread such as 95% CIs or SEs. One study[@R26] presented results for heart disease and stroke separately and found no difference in rates between any of the groups (see online supplementary [appendix table 3](#SP1){ref-type="supplementary-material"}). One study[@R30] presented results for chronic obstructive pulmonary disease, which found higher rates in bisexual women compared with heterosexual women but not for lesbians (prevalence in lesbians 6.0% (95% CI 3.2 to 11.0), bisexual women 13.6% (95% CI 6.9 to 25.2), heterosexual women 6.4% (95% CI 5.9 to 6.8)).

###### 

Prevalence of asthma by sexual orientation

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study name                             Heterosexual        Lesbian          AOR (95% CI)      Bisexual         AOR (95% CI)      SMW              AOR (95% CI)
  -------------------------------------- ------------------- ---------------- ----------------- ---------------- ----------------- ---------------- -----------------
  Blosnich (2014)\*                      15.3%† (SE 0.003)   22.2%†\          1.50\             26.4%†\          1.68\                              
                                                             (SE 0.03)        (1.04 to 2.16)‡   (SE 0.04)        (1.07 to 2.63)‡                    

  Blosnich (2013) (lifetime diagnosis)   14.6%† (NR)                                                                               26.1%† (NR)      1.72\
                                                                                                                                                    (1.11 to 2.65)‡

  Blosnich (2013) (current diagnosis)    9.5% (NR)                                                                                 21.4% (NR)       2.09\
                                                                                                                                                    (1.30 to 3.36)‡

  Boehmer (2014)§                        13.7% (SE 0.16)     20.8%\           1.41\             21.5%\           1.52\             NR               NR
                                                             (SE 1.70)        (1.14 to 1.73)‡   (SE 1.76)        (1.24 to 1.87)‡                    

  Conron (2010)\*                        17.4%† (SE 0.3)     24.9%†\          1.68\             25.7%†\          1.58\             NR               NR
                                                             (SE 2.3)         (1.32 to 2.14)    (SE 3.1)         (1.15 to 2.18)                     

  Fredriksen-Goldsen (2012)\*            16.5%†              19.9%†           1.23 (NR)         31.9%†           2.17 (NR)‡        NR               NR

  Garland-Forshee (2014)\*               12.1%†\             15.4%†\          1.2\              25.6%†\          2.4\              NR               NR
                                         (11.5 to 12.7)      (10.8 to 21.7)   (0.8 to 1.9)      (18.6 to 34.2)   (1.5 to 3.6)‡                      

  Kann (2016) by sexual identity         23.0%†\             NR               NR                NR               NR                28.3%†\          NR
                                         (21.1 to 24.9)                                                                            (24.4 to 32.6)   

  Kann (2016) by sexual behaviour        25.8%†\             NR               NR                NR               NR                31.4%†\          NR
                                         (23.5 to 28.2)                                                                            (26.9 to 36.4)   

  Matthews (2014)                        15.7%†              NR               NR                NR               NR                27.7%†           1.94\
                                                                                                                                                    (0.96 to 3.92)

  McNair (2011)§                         9.4%                10.4%            NR                18.0%‡           NR                NR               NR

  Ward (2015) (current diagnosis)        8.5%\               9.5%\            1.11\             12.4%\           1.53\             NR               NR
                                         (7.9 to 9.0)        (6.2 to 14.4)    (0.70 to 1.76)    (7.3 to 20.4)    (0.87 to 2.70)                     
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Calculated from weighted percentages.

†Weighted percentages.

‡Statistically significant to P\<0.05 or less.

§Calculated from unweighted percentages.

AOR, adjusted OR; NR, not reported; SMW, sexual minority women.

Meta-analysis {#s3c}
-------------

There were sufficient studies (ie, n\>4) presenting results for CVD, hypertension, asthma and diabetes (any type) in lesbians and in bisexual women for meta-analyses to be conducted.

Meta-analyses of unadjusted prevalence (see [figure 1](#F1){ref-type="fig"}, online supplementary [appendix figures 2a,b, 3a,b, and 4a,b](#SP1){ref-type="supplementary-material"}) showed no difference in CVD (lesbian OR=0.94 (95% CI 0.73 to 1.21) and bisexual women OR=0.90 (95% CI 0.54 to 1.51)) but lower prevalence of hypertension (lesbian OR=0.82 (95% CI 0.72 to 0.94) and bisexual women OR=0.64 (95% CI 0.49 to 0.85)). There was higher prevalence of asthma (lesbians OR=1.47 (95% CI 1.32 to 1.63) and bisexual women OR=1.97 (95% CI 1.71 to 2.26), and combined for all SMW OR=1.68 (95% CI 1.52 to 1.85)). For diabetes mellitus there was no difference in prevalence between lesbians and heterosexual women but lower prevalence in bisexual women (OR=0.86 (95% CI 0.65 to 1.12) and OR=0.70 (95% CI 0.54 to 0.91)).

![Subgroup meta-analysis of asthma in lesbians, bisexual women and sexual minority women (SMW). M-H, Mantel-Haenzel.](bmjopen-2017-020776f01){#F1}

Meta-analyses of adjusted ORs (all adjusted for age) showed increased rates of asthma in lesbians and in bisexual women compared with heterosexual women (ORs=1.44 (95% CI 1.27 to 1.64), I^2^=0%; and 1.64 (95% CI 1.41 to 1.89), I^2^=0%). They showed no differences for lesbians or bisexual women compared with heterosexual women for CVD (ORs=1.34 (95% CI 0.97 to 1.85), I^2^=45%; and 1.08 (95% CI 0.80 to 1.47), I^2^=0%), for hypertension (ORs=0.98 (95% CI 0.86 to 1.14), I^2^=0%; and 1.08 (95% CI 0.86 to 1.35), I^2^=39%) and for diabetes mellitus (ORs=1.11 (95% CI 0.91 to 1.36), I^2^=0%; and 1.01 (95% CI 0.75 to 1.36), I^2^=51%).

Discussion {#s4}
==========

Summary of main findings {#s4a}
------------------------

Results from a single large study reporting mortality rates[@R24] showed that there was no difference in cardiovascular or respiratory tract disease mortality rates in same-sex married compared with opposite-sex married women, but higher mortality rates in same-sex cohabiting women compared with opposite-sex cohabiting women.

Meta-analyses of adjusted ORs of disease prevalence showed no differences in CVD, hypertension or diabetes mellitus prevalence, but a higher prevalence of asthma in SMW compared with heterosexual women.

Discussion of main findings {#s4b}
---------------------------

A key finding was the higher prevalence, from the adjusted OR meta-analysis, of asthma in lesbians and bisexual women. Asthma is caused by a mixture of genetic and environmental factors. Higher rates are associated with anxiety, but it is not known if asthma causes psychological problems or if psychological problems lead to asthma.[@R33] Nevertheless, studies have shown higher rates of mental health problems including anxiety in SMW.[@R34] Asthma is also more common among those who are economically disadvantaged, and a consistent finding in studies included in the systematic review was that SMW had below-average incomes.[@R15] Asthma is also more common among current or former smokers. Several included studies showed higher rates of smoking or tobacco use among SMW.[@R15] However, only one of the studies reporting asthma prevalence clearly controlled for smoking behaviour.[@R15]

The finding of lower hypertension prevalence and no difference in the adjusted OR meta-analysis in lesbians and bisexual women was unexpected. Higher rates of hypertension are associated with lack of exercise and obesity. Several of the included studies demonstrated higher rates of obesity,[@R15] and a recent systematic review on obesity in SMW[@R36] also found consistently higher rates of obesity among SMW compared with heterosexual women. However, the rates of physical exercise in SMW are less clear. Two of the included studies showed higher rates of physical activity or exercise in lesbians and bisexual women compared with heterosexual women,[@R16] while four showed no differences.[@R20] Hypertension is also associated with mental health difficulties, particularly depression,[@R37] and there are higher rates of depression in SMW.[@R34]

No difference in rates of diabetes mellitus was found in the meta-analysis of adjusted ORs, but in the meta-analysis of unadjusted prevalence higher rates were found in bisexual women but not lesbians. It is unclear as to why this would occur. Risk factors for type 2 diabetes mellitus include hypertension, overweight/obesity, physical inactivity and unhealthy diet. Evidence on the first three are discussed above; however, there is much less information available about diet. Dilley *et al* [@R19] reported that the proportion eating insufficient fruits and vegetables was higher in bisexual women than lesbians and heterosexual women, but Garland-Forshee *et al* [@R25] showed no differences between lesbians, bisexual and heterosexual women in the proportion who met the US Centers for Disease Control and Prevention (CDC) recommendations on fruit and vegetable intake.

Three of the included studies calculated that lesbians and bisexual women were at higher risk of CVD.[@R18] Farmer *et al* [@R21] and Clark *et al* [@R31] calculated the risk scores using the Framingham General CVD Risk Score and both calculated that SMW had higher CVD risk scores. Farmer *et al* [@R21] calculated that SMW was 13.9% (95% CI 8.55% to 19.3%) older in vascular terms than their chronological age, and that this was 5.7% (95% CI 1.5% to 9.8%) greater than heterosexual women. Clark *et al* [@R31] found that an average of 30-year CVD risk was raised in all sexual minority groups of women, significantly so in mostly heterosexual and mostly homosexual women. Conron *et al* [@R18] also calculated CVD risk using the presence of obesity and smoking plus one other risk factor, including lack of moderate physical activity, lifetime diabetes mellitus, hypertension and high cholesterol. They estimated that lesbians and bisexual women were at higher risk of CVD than heterosexual women.

It is known that there are higher rates of several CVD risk factors in SMW, including overweight/obesity, diabetes mellitus, tobacco use (all discussed above), high cholesterol and harmful use of alcohol (discussed below). Hence the finding of no difference in CVD rates was surprising. Also, since the systematic review found higher rates of asthma, if this was due to higher rates of smoking, it would be expected that there would be correspondingly higher rates of CVD.

Several of the included studies reported higher rates of harmful alcohol use in lesbians and bisexual women compared with heterosexuals.[@R16] Several also reported cholesterol levels---one found lower cholesterol levels in lesbians and bisexual women,[@R20] but most found no significant differences.[@R19] Matthews and Lee[@R28] found that twice as many lesbians and bisexual women than heterosexual women were not having their cholesterol checked (32.5% vs 13.8%), but the implications of this are unclear.

Strengths and weaknesses of the study {#s4c}
-------------------------------------

The strengths of the current systematic review include extensive searches from a number of different sources; a minor weakness is that the searches were conducted to December 2016 and more studies may have been published since then. We used a wide definition of SMW to include identity, behaviour and partnership. It is acknowledged that these are different concepts and women can identify as lesbian or bisexual without being sexually active or being in a partnership. Also some women identify as lesbian while having sex with men, and some women identify as heterosexual while having sex with women. Most of the studies also used self-report for the physical conditions, and this may result in responder bias, but it is unclear why responder bias might be stronger in SMW than heterosexual respondents. Also, a major limitation is that almost all of the included studies were conducted in the USA, so results may not be generalisable to other countries. Also, it is known that SMW have less insurance coverage and poorer access to healthcare in the USA.[@R38] The precise questions on health used in the BRFSS questionnaires asked whether the respondent had been 'told by a health care professional' that they had had the named condition. If SMW have less access to healthcare, it could be assumed that fewer would have been told they had one of the conditions investigated here. So it is possible that all of the rates may have been underestimated, and the increased rates of asthma may be even higher than found here. In the reported results, the prevalence of physical conditions was weighted to better reflect the underlying population in some of the included studies but not in others. Where the sexual minority samples were younger than the heterosexual population with which they were compared, it might be expected that the lack of weighting by age would result in underestimation of the difference in prevalence of physical health conditions, particularly CVD, hypertension and diabetes mellitus, where prevalence rises by age. There were insufficient studies to be able to conduct meaningful subgroup analyses by whether or not the study had controlled for age. Furthermore, two of the studies[@R16] were unclear as to whether they weighted the reported prevalence or whether the reported weighting factors referred to the adjusted ORs that they also report. Some of the studies weighted by factors such as education and income, which may also impact on the estimated prevalence of physical conditions. Some important factors were often not controlled for; for example, for asthma, it would be usual to include smoking rates, which differ between SMW and heterosexual female populations.

In the meta-analyses, considerable efforts were made to avoid double-counting of participants from different studies when entering data, and hence some studies were excluded for one or more reported outcomes.[@R19] Random-effects models were used because of clinical heterogeneity of the study samples. The heterogeneity between studies in the weightings that were used for the prevalence estimates in the unadjusted meta-analyses may have introduced some bias from this loss of information about differences between the two groups. Hence there may be some inconsistencies between the AORs reported in the results tables and the ORs used in the meta-analysis. The meta-analyses of AORs mitigate some of these effects, and all AORs used were adjusted for age. However, in both types of meta-analyses, there was heterogeneity in outcome measures (eg, one study measured hypertension, six using self-report hypertension and one study using hypertensive medication use), although we do not expect that this impacted on the observed differences between groups, our main outcome of interest.

Strengths and weaknesses in relation to previous research {#s4d}
---------------------------------------------------------

The previous systematic reviews[@R12] found fewer studies and did not conduct meta-analyses so did not quantify the physical health disparities they had found. For CVD prevalence Eliason[@R12] included 7 studies, of which 4 were published before 2010, and for hypertension it included 12 studies of which 4 were published before 2010. For asthma it included 13 studies, 4 of which were published before 2010. Some relevant results from included studies were not described, and the study by Garland-Forshee *et al* [@R25] was omitted. Eliason[@R12] concluded that asthma was more common in SMW, but no differences were consistently found in the other chronic physical conditions she investigated, including diabetes, hypertension and CVD. Simoni *et al* [@R13] had a very brief summary of results. For CVD it found one study, for hypertension one study and for asthma four studies. All of these were included in the systematic review by Eliason.[@R12] Simoni *et al* [@R13] found evidence of disparities in the one included study reporting CVD[@R22] and in asthma, but that evidence was lacking in diabetes and hypertension. There is also little information on the prevalence of these conditions in men according to sexual orientation and no relevant systematic reviews.[@R10]

Implications for clinicians and policy-makers {#s4e}
---------------------------------------------

If there are higher rates of asthma in lesbians and bisexual women, this might have implications for health service delivery, particularly in primary care. Urwin and Whittaker[@R39] published an evaluation of the English General Practice Patient Survey (n=2 807 320 in total, 1 556 909 women) looking at inequalities of general practice (GP) use by sexual orientation for various conditions. They found that lesbians but not bisexual women were less likely to visit the GP than heterosexual women in the previous 3 months for asthma or long-term chest problem (adjusted OR=0.84 (95% CI 0.71 to 0.98) and OR=0.85 (95% CI 0.69 to 1.04)). So it is likely that SMW, particularly in the UK and possibly elsewhere, are not accessing services despite ill-health. A recent systematic review found that sexual minority populations generally have difficulties with access to health services for a variety of reasons, including communication difficulties, internalised homophobia, prejudicial conduct adopted by health professionals, breach of confidentiality during consultations and institutional homophobia.[@R40] Combined with the evidence shown in this systematic review, this suggests potentially considerable latent demand for primary care services among SMW and that there may be particular issues for lesbians accessing primary healthcare services for asthma. This evidence contributes to a bigger picture about inequality for SMW in a wide range of aspects.[@R5]

This systematic review highlights the need for better routine data collection on SMW, as much of the current research has small sample sizes and is based on one country with different healthcare access and social norms around sexual identity to other countries. The introduction of a UK National Health Service (NHS) information standard on sexual orientation in April 2017[@R41] will start to introduce routine data capture across hospital episode statistics and disease registries, alongside training across the NHS to support staff having positive conversations about sexual orientation, which will build over time a much clearer picture of the health inequalities in this group and potentially help to reduce them.

Implications for research {#s4f}
-------------------------

This rigorously conducted systematic review has reported some important new findings on health inequalities in SMW that are hard to explain. Further research would be useful on these health inequalities, including their causes. This would be supported by routine collection of sexual identity measures in population-level epidemiological studies, and the results published. Robust multilevel modelling (including sexual identity) should be conducted with large databases and cohort studies. For asthma, results from large cohort studies, controlled for risk factors such as smoking and overweight/obesity, would be useful to further examine these findings. Regarding hypertension and CVD, the findings are also unexpected, so investigation into potential causes would be very useful, such as possible differences in hormone levels, or other environmental, social, physiological, psychological or genetic factors that might be contributing to these results.
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